engine names, nacelle components, engine ducts and other relatively low tPmperature structu^'es art t^^ing or have bean conducted. N maaor part in these programs is the evaluation of the engine tanvironmental efft^cts (moisture and temperature) on composite mater^a1 mechanical behavir"^r, the objective of this paper is to summarize research being conducted and results obtained dealing with engine environmental effects on impact resistance, defect growth and fracture of com^^:a^,ites, and the fatigue resistance of composite FEGVs. The composite systems consist of graphite--fiber/epoxy (T300/PR28t3) as the base line material, two graphite-S-glass/epoxy intraply hybrids (different fiber types within the same ply), one graphite-S-glass/polyimide, and two superhybr^ds (combination of metallic foils, and resin and metal matrix fiber composites adhesively bonded together). The intraply graphite-S-glass/epoxy systems used PR2d8 and SP313 as the matrix materials. The polyimide selected was NR15t)^2 and the superhybrids used PR2t3^ and SP313 epoxy as matrix materials.
The test conditions consisted of 70°F dry, wet, and wet spike; and 250°F dry, wet and wet spike. Mechanical property test data included static flex, shortbeam-shear, and high velocity impact strengths. The "wet spike" specimens were subjected to an abrupt temperature excursion from room temperature to 300°F followed by cooling to test te.,^perature. The cooling rate was slow relative to the hearing rate but was sufficiently rapid to prevent a loss of moisture from the test specimens.
Thr^ PRlt3ti t^poxy was sr^lected for its ease of processing which is advantageous in making complex engine components such as fan blades. The' SP313 epraxy was chosen be?cause it is the most commonly used epoxy in structural applir,ations and has about 100°F higher temperature capability than PR?.t3t3. The NR1bOr{d polyimide was selected for its potential use in the hottr^r parts of the encainc; (parts operating at temperatures from ,300°F to 5t"1U°F'.
The two superhybri^is ware selected for their unique material property characteristics which provide high impact resistance combined with high strength, high stiffntass and moisture resistance. Both unidirectional and angleply specimens were tested. Unidirectional specimens were tested for moisture absorption and moisture-temperature strength degradation. Short beam (interlaminar) shear and three-point-bend specimens w^ra tested for strength degradation. Degradation of impact resistance due to moist ►ire an y temperature was evaluated using angleply wedge specimens with multiples of 0/±35 degree plies symmetric about the mid-plane.
Experimental data on moisture absorption in composites made from the three different resin systems are shown in figure 1. The saturation moisture (curve leveling off) is about 2 percent for the composites with the PR2d^ resin, about 1.2 percent with the SP313 resin and about 0.^ percent far the composites with the NR15UA2 poiyimide. As expected, the JU degree specimens absorbed more moisture than the 0 degree specimens due to greater interfacial surf ace exposure (more fiber ends at the surface). Although the data are net shown in figure 1 , the superh,ybrid specimens absorbed no measureab1e moisture. Experimental data on the moisture-temperature effects (strength reten- Taken collectively, the data in figure 2 show that the environment a1 conditions of ^5U°F wet or wet spike reduce substantially (as much as 75 percent) the shear and flexural strengths in epoxy composites while, the corresponding reduction in the po1yimide composites is only 3Q percent, except for transverse intralaminar shear which is reduced about 6Q percent. In addition, these data provide material strength characteristics which can be used in eonjunction with the high velocity impact analysis to assess the environmental effects on impact resistance as will be described later. wet spike conditions. The inplane and through-the-thickness predicted stresses for failure indicate that damage will occur very early in the imp^^ct event and will be at considerably lower transverse and inter1aminar shear stresses about ,3U percent) for the: 1aU°f^ wet compared to the lU°F dry case. However, the superhybrids will sustain only localized damage in the form of indentation since the moisture-t^:mperature test condition does not seriously degrade the superhybrid mechanical properties. Une conclusion from the foregaing discussion is that the impact damage of fiber-resin composites in moisture-temperature environments can be assessed using available finite element analysis methods antl composite mechanics.
DEFFGT GRUWTH ANU FRAGTUftE
The experimental program for environmental effects on defect growth in 
FN11GU^ Uh FAN f+XIT t^U1DE VANtS
The engine environmental effects on cornC^ositc fan exit guide vanes (Ft;GVs)
were investigated by Pratt and Whitney under NASA contract NAS.i-21Q37. The engine application for the hf:GVs is illustrated in figure 1^ which shows composite FEGVs installed in a JT y U engine. Four different designs were cvaluatcd involving two different fabrication procedures, pultrusion and handlay-up (references 7 and £i).
All four designs contained a high modulus graphite fiber core (Fortafil bA) to provide adequate bending stiffness. Each fabrication process involved one all-graphite fiber vane design and one graphite core-fiberglass shell design.
The pultrusion all-graphite vane used high modulus, ^l8 msi, Fortafil 5A fibers for both the core and shell. ThP hand-lay-up all•^graphite vane used the high modulus Fortafil 5A fibers for the core and a lower modulus, 3t msi, AS-2 graphite fiber shell. The shell for the pu'ltrudea core was made from G581 style S-glass cloth and the hand-lay-up vane shell was made from S-8 figure 1^ that all fatigue fiailures, except one, occurred at strain levels about three times the design requirement, Nlso these failures oecurreu after several repetitions of lU J cycles at lower strain levels, Th^^ data also
show that the environmental conditions imposed (U.^ percent mrJisturc and 14U°F temperature) had no discernible adverse effect on the fatif^^.^ life of thg FEGVs. The conclusion, therefore, is that composite FEGVs; can be designed and fabricated to meet the anticipated engine operation environmental conditions.
LUNGLUSiUNS
The effects of engine environmental conditions of saturation moisture, and elevated temperattare (25U°F and 3UU°F) on composite structural performance were investigated in several programs conducted by the NNSN Lewis kesearch
Center. These programs were concerned with the effects on mechanical properties determined by flexural type specimens, impact resistance of anglep1y wedge specimens, defect growth and fracture of angle ply flat specimens, and fatigue resistance of fan exit guic► e vanes (FEGVs). Important conclusions from these programs are the following:
1. The moisture absorbed in fiber composites depends on the resin systems, and amount of fiib^,} r entls t,^xpt^sed. epoxy resin c prnposite5 absr^rbr^^d the m^,,t rrroi^ture tabaut ^ percent by we?ghtj while polyimide resin composites absorbed u3wilt u. percent antl superhybritl composites absQrt^^°^^ no noisture.
, t3oeh high mois ture Csaturation) and elevated temperature (dbtl°F) ryontlib ens hav+^ severe ^^^t^icts Qn ttre f lexural and interlaminar shear properties of unidirectional composites. Strength degradation ranges firom about 3U percent for the polyimide composites t4 ^I1 percent for those made from the processible epoxy ^f^R2^^j. The ebU°F wet environment was the most Severe condition.
. The environmental and impact conditions (9UU ft/sec., 1 in diameter U.3 oz gelatin ball, l5 degree incidence angle) produced insignificant damage to the superhybritl specimens (measured by de1aminated area) and miner damage to the polyimide composites but severe tlarnage to the epoxy composites. The 25U°F wet spike impact condition caused the greatest delamination in the epoxy com p osites.
Q. The impact damage to fiber composites in moisture -temperature environments can be assessed using available finite element analysis methods (such as NASTRAN) and composite mechanics analysis. The stress magnitudes near the impact region are very high relative to material allowables at early times of the impact event (about the first 1UU u seconds) and will induce significant dama^^e in the resin composites. During this time interval, the stress magnitudes do not depend on the environmental conditions. However, the material allowables and the corresponding stresses at which initial damage occurs will depend on the environmental conditions, with the 25U°F wet condition sustaining initial damage at lowest stress levels, 5. Preload, 1.9 percent moisture and 300°F'tempPrature environmental condibons had no effect on the fracture load of composites with slit type de- 
